PURPOSE: This study was conducted to investigate the effects of type of exercise on neck disability, pain, and postural changes in subjects with forward head posture.
and according to 2010 National Statistical Office data, the proportion of forward head posture induced by overuse of the internet increases with age, with a large proportion of those aged 15 to 50 years suffering from forward head posture (ICT, 2015) .
Forward head posture is a state in which the position of the head is displaced anterior to the centerline of gravity (Salahzadeh et al., 2014) , inducing instability in not only the cervical spine, but also the musculoskeletal system including the upper trunk (Griegel-Morris et al., 1992) and leading to chronic neck pain. Changes in posture caused by neck pain alter body balance control. During such changes, balance ability decreases, resulting in increased risk of falling and musculoskeletal injury. Accordingly, Lee et al. (2001) and Han et al. (2016) reported that forward head posture affects static equilibrium ability.
Meta-analysis is an efficient analytical scientific statistical method that can quantify and compare studies by effect size by analyzing quantitative research (Borenstein et al., 2009) , and it can provide a very strong evidence (Oh, 2002) .
In addition, meta-analysis can enable limitations of sample size in individual studies to be overcome and generalized in clinical practice (Lee, 2007) . Therefore, in the field of physical therapy, meta-analysis is used as a scientific analysis method to compare the effect of treatments.
In a study of meta-analysis related to neck pain, Gross et al. (2016) reported that exercise is effective at reducing neck pain symptoms and that strengthening exercise is moderately effective, but that the effects of endurance or stretching exercise were small. Similarly, Sihawong et al. (2011) reported that strengthening exercise and endurance exercise led to great reductions in neck pain, and Kay et al. (2005) reported that combined exercise had a large effect on reducing neck pain, but that, it was unclear whether exercise is more effective than electrotherapy or manual therapy. However, Geneen et al. (2017) reported that exercise and physical activity had a small effect on neck pain. Similarly, there are various causes of neck pain, and different effects are shown for various exercise. Therefore, it is necessary to analyze the causes of neck pain or disability.
Neck pain is affected by forward head posture, and neck dysfunction, forward head posture, and hyperkyphosis are related to each other (Lau et al., 2010) . Bansal et al. (2014) reported that back muscle strengthening exercise had no effect on hyperkyphotic posture, but the average age in that study was more than 45 years old and subjects were biased. There is a wide range of age groups with forward head posture and there are many studies (Harman et al., 2005; Falla et al., 2007a; Lynch et al., 2010; Gupta et al., 2013) in which various types of exercise are applied to neck pain and posture enhancement, but there have been no analyses of various types of exercise. Consequently, it is necessary to analyze the effect of various types of exercise on forward head posture. Therefore, this study was conducted to analyze previous studies by including subjects of various ages with forward head posture, which is one of the causes of neck pain. Subjects with forward head posture suffer from pain and disability, which can be solved by exercise therapy; however, the most effective types of exercise need to be classified scientifically through meta-analyses. The specific research questions asked in this study were:
1. What type of exercise has the greatest effect on neck disability index (NDI) when applied to the forward head posture? 2. What type of exercise has the greatest effect on the visual analog scale (VAS)?
3. What type of exercise has the greatest effect on craniovertebral angle (CVA)?
Ⅱ. Method
Type of Study
This study was a meta-analysis of Randomized controlled trials (RCTs) with systematic review. Therefore, 
Eligibility Criteria
Studies that evaluated the effectiveness of exercise for subjects with forward head posture were included. The key data (PICO) was "what type of exercise (intervention) was better than conventional therapy (comparison) for improving disability, pain, posture (outcomes) of 15 to 50
year-old patients with forward head posture (participants)?".
We divided the intervention into four types based on previous studies (Sahrmann, 2002) (Gross et al., 2016) . (Larun et al., 2017) . In the domestic database, search terms included words related to turtle neck, straight neck, anterior head posture, head forward displacement, exercise therapy, rehabilitation exercise, and exercise program. We excluded papers that had a study period less than 4 weeks, had unclear on the methods, were outside of the study age range, applied manual therapy to intervention, did not randomize treatments, or did not include appropriate outcome measures. Two researchers selected data through the key data (PICOS), study selection and exclusion criteria based on the retrieved data, and in the case of papers that were not agreed on, the selection of the papers was determined through consultation with a third party (Moher et al., 2009;  Higgins and Green, 2011) ( Fig. 1) . 
Study Selection and Data Sources

Risk of bias in individual studies
The studies were evaluated for risk of bias by two independent reviewers using the PEDro scale (Maher et al., 2003) . If there were disagreements, a third reviewer was consulted to make the final decision. According to PEDro items, two independent reviewers rated the score to evaluate the methodological quality of studies (Table 1) . 
Summary measures
The standardized mean difference (effect sizes) and 95% CI were calculated based on preintervention means, postintervention means and standard deviations (SDs).
Synthesis of results
To compare the data analysis, the effect size was calculated using the CMA (Comprehensive Meta-Analysis, version 2.2.064, USA) software, and Cohen's criterion was used to analyze the effect size calculated as a result of the meta-analysis (Cohen, 1977) . The random effect analysis was used depending on the results of homogeneous analysis. Ⅲ
.
Results
Of the 13,768 studies searched in domestic and overseas databases. 17 randomized controlled trials were selected.
These included six domestic thesis, six domestic journal articles, and five overseas journal articles. A brief description of each research study is given in the research characteristics ( Table 2) .
Homogeneity test
The total number of research items analyzed in this study was 21 (Q (21)=86.21, p<.01), and a random effect model was used (Table 3) .
K Q v a l u e p -v a l u e 21 86.21 .00* 
Publication bias
Evaluation of publication bias examined according to
Duval and Tweedie's trim and fill method (Duval and Tweedie, 2000) revealed that there was no publication bias (Table 4 ). There is no publication bias in the results of verifying additional publishing bias (Intercept=2.32, standard error=1.32, p=.09).
Effect size of NDI according to exercise type
The total effect of 10 studies was investigated to establish the overall effect size of NDI, which was found to be large (.88) and statistically significant (p <.05). The fixed-effect model was used because there was homogeneity between studies (Q (10)=10.66, p>.05) ( (Table 10) .
Ⅳ. Discussion
This study was conducted to examine the effects of different types of exercise on neck disability, neck pain, The results presented herein suggest that exercise improves neck disorders. The combination of base and biomechanical elements was found to be most effective.
"Base element" refers to the base element of movement, which is the type of movement that provides muscular strength, endurance, mobility, length, and elasticity.
"Biomechanical element" refers to the interaction between motor control and musculoskeletal function, which is a type of exercise that achieves static and dynamic stabilization (Sahrmann, 2002) . In other words, in the case of neck disorders, NDI is believed to be improved because the biomechanical element has positive effects on neck and shoulder discomfort or function in daily life due to improvement of muscle strength, mobility, and stability of the neck and shoulder. The effect sizes of the other exercise types showed were very large, but the effect of base element on the NDI was moderate.
Unlike the present study, Gross et al. (2016) This seems to be because of differences in exercise time.
In this study, neck pain (VAS) was found to be improved by exercise intervention. When analyzed by exercise type, treatment with a combination of base, modulator, and biomechanical elements proved was most effective. The modulator element is a type of exercise that regulates motor control or retrains the nerve roots through pattern, synchronization, and proprioceptive sensory input (Sahrmann, 2002) . Alterations in movement strategy and postural activity because of proprioceptive sensory changing affect musculoskeletal pain syndrome (Matre et al., 2002) . In other words, improving the regulatory function of the nervous system by enhancing muscle strength, mobility, and stability as well as proprioceptive sensory or motor control seems to be effective at improving neck pain.
Similar to this study, Gross et al. (2016) found that the effect size of neck pain was moderate in the results of a meta-analysis of exercise for chronic mechanical neck disorders by combining base, modulator, and biomechanical elements on the neck and shoulder. Cramer et al. (2017) found that the effect size was -1.28 (95% [CI] -1.81 to -.75) when using the base element for neck pain as a result of a meta-analysis of the effects of yoga on chronic neck pain. In this study, the effect size of exercise combined with base, modulator, and biomechanical elements was 1.96 (95% [CI] 1.08 to 2.82), which was a very large.
Additionally, the effect size was .59 (95% [CI] .23 to .95) when only the base element was applied. The results of this study showed that when the base element and the biomechanical element were applied alone, the effect size was moderate or statistically insignificant, but that it was very large when the exercise was combined with the basic, modulator and biomechanical elements. These results were consistent with those of previous studies (Kay et al., 2005) in which complex exercise was effective at reducing neck pain, indicating that application of the complex motion type is more effective than application of a single motion type because the neck pain of a subject with a forward head posture is caused by reduction in muscle length in response to abnormal stress caused by an incomplete posture or by an imbalance of muscle strength, which also affects motor control in a complex way (Hickey et al., 2000) .
The results of this study also suggest that exercise improves neck posture (CVA). When analyzed by exercise type, the biomechanical element was most effective, and exercise types that combined the base, modulator, and biomechanical elements were also very effective. .79 to 1.16). One potential reason for these opposing findings is that the subjects were 45 years of age or older in the previous study and degenerative diseases related to hyperkyphosis are associated with age.
Exercise types that have a positive effect on neck posture showed that a single exercise is more effective than a combined exercise. In the present study, the effect seemed to be larger because the application time of a single exercise is longer than the application time of a combined exercise.
The results of this study showed that exercise was most effective when combined with biomechanical elements for neck disability, pain, and posture in the forward head posture. This suggests that pain and disability are increased because of incomplete alignment of the head posture (Yip et al., 2008) , which can be solved by restoration of the neck posture when the exercise type of the biomechanical element, which is the movement combined with the posture stability, is applied. Two combined or a single exercise were more effective than three combinations for treatment of neck disability or neck posture. This is because the exercise time associated with two combined or a single exercise is longer than that of the three combined exercises.
The difference in exercise time seems to have affected the impact of exercise type on neck disability and neck posture.
The limitations of this study include the small number of studies used for the analysis. The reason for the low number of studies is that non-randomized control group studies comparing the effects of exercise therapy without control groups were common in domestic papers, and the experimental period was frequently less than 4 weeks. In overseas papers, there were more studies on chronic neck pain than forward head posture, and the number of articles meeting the selection criteria was very small. In this study, it is difficult to make definite conclusions about neck disability, pain and neck postures based on forward head posture. Most of the studies did not mention the random allocation or concealed allocation, which could affect the quality of the study. Moreover, most studies were not performed with investigators or participants blinded to treatment conditions. In addition, only the three combined exercise types (base, modulator, and biomechanical elements) were analyzed, and studies using the combined exercise of two types were lacking. We suggest that a multidisciplinary study with a high quality of research be conducted to identify effective methods of treatment of forward head posture and the effects of combination of these treatments
Ⅴ. Conclusion
The results of this study showed that the most effective exercise type for neck disability with forward head posture was exercise with base and biomechanical elements and that the most effective exercise type for neck pain is exercises targeting base, modulator, and biomechanical elements. Finally, the most effective exercise type for neck posture CVA appeared to be those targeting only the biomechanical elements.
